In 1948 Clarke and Fox reported that crude suspensions of typhus infected yolk sacs caused the lysis of erythrocytes of several animal species in vitro. When it was learned that typhus rickettsiae could be purified by differential centrifugation and treatment with celite in such a way as to reveal their independent metabolic activity (Bovamick and Snyder, 1949) and to preserve their infectivity for cotton rats , it seemed of interest to determine whether the purified suspensions would still retain the hemolytic properties of the crude tissue supensions. Preliminary tests showed that this was the case, and further experiments with purified rickettsial suspensions have made it posible to detect factors affecting the reaction and to develop a rapid, sensitive hemolysin test. The method as evolved during several years in two different laboratories is based on a 2.5 hour incubation of rickettsiae and red blood cells, followed by colorimetric determination of the hemoglobin released. For convenience this method is referred to subsequently as the "short hemolysin test" to distinguish it from the overnight procedure of Clarke and Fox in which the end point was determined by inspection. This paper describes our standard procedure for the short hemolysin test and its application to quantitation of rickettsial suspensions under various conditions. Experiments on factors affecting the hemolytic activity of typhus rickettsiae are reported. Rickett8iae. The Breinl strain of epidemic typhus, the Wilmington strain of murine typhus, and the human avirulent Madrid E strain (Gallardo and Fox, 1948) were maintained by propagation in embryonated egg (Cox, 1941) for the various experiments as indicated below.
The infected yolk sac were homogenized in a Waring blendor, in the proportion, 50 g yolk sac for each 50 ml sucrose PG and shell frozen in a dry ice-alcohol bath for stoage at -72 C.
Suspensions of "once washed" rickettsiae In view of the degree of correlation found between these two quite different phenomena, it is evident that the in vitro test can be used under ordinary circumstances in place of the animal test for the assay of crude or once washed typhus rickettsiae.
The parallelism between toxicity for mice and hemolytic activity did not always hold when rickettsiae were subjected to conditions leading to partial inactivation. When rickettsiae were incubated for 16 hours at 34 C, the loss in toxicity for mice appeared to be appreciably more rapid than the loss in hemolytic activity, as can be seen in table 3.
Factors affecting the hemolysis by typhus rickettsiae. In working out the procedure for the standard short hemolysin test, the influence of various conditions was studied. It was found that the optimum pH was about 7, and that changes in the time of incubation from 2 to 6 hours had very little effect on the end point. Glucose had no effect on the end point but was included in the NK 7 G medium to decrease the spontaneous hemolysis of the red cells.
When purified rickettsiae were used, it was possible to show that both magnesium (see The figures represent the denominator of the dilution required to produce an optical density of 0.3. had a small additional effect in increasing the degree of hemolysis. The magnitude of the effect of the added metals and glutamate varied with the purity of the rickettsiae, the greater the concentration of yolk sac, the less apparent the requirement for any of these factors, presumably due to their presence in the yolk sac tissue.
Using rabbit erythrocytes it was noticed that one other substance, namely adenosine triphosphate (ATP), had a marked effect on the degree of hemolysis. A concentration of washed rickettsiae, sufficient to produce a low degree of hemolysis corresponding to the end point chosen in the above described procedure under the usual con- Meabolic inhibitors. Several metabolic inhibitors were tested for their effect on the lysis of sheep red cells by typhus rickettsiae. Table 6 shows that cyanide, azide, fluoride, and iodoacetate reduce the hemolysis under the conditions of the test. The hemolysin end points were reduced sharply by exposure of rickettsiae to aureomycin and terramycin; chloramphenicol had no effect under the conditions of these tests. Furthermore, the hemolysin end point values were unchanged by (Karp and Snyder, 1952) .
The unsuccessful attempts to restore hemolytic activity of rickettsiae after exposure to terramycin and aureomycin by centrifugation and resuspension suggest that these antibiotics become firmly attached to the rickettsial cells, or that they exert an irreversible effect on the enzyme systems involved in the hemolysin reaction.
SUMMARY
A rapid test for the demonstration of hemolytic properties of typhus rickettsiae is described. The test is of the same order of sensitivity and reproducibility as the titration of toxicity by intravenous inoculation of white mice. The hemolysin reaction appears to require glutamate and magnesium and possibly calcium and manganese as well. Metabolic inhibitors reduce the hemolytic activity of rickettsiae. Aureomycin and terramycin reduce the hemolytic activity of rickettsiae, whereas chloramphenicol does not.
